The volume of water in the rumen of four steers was increased (P<.01) 47% when the level of ground cobs in the diet fed to the steers was changed from 10% to 50%. The difference in gut water content due to diet was not accurately (P>.10) estimated by deuterium oxide dilution using either one-, two-or three-compartmental models. Gut water was overestimated and empty body water underestimated when calculated by two-compartment models. The proportions of total body water within each compartment of a three-compartment model were quite variable among steers. When the two-compartment model was solved on the basis of measurements taken from either compartment, different compartment volumes were obtained. This indicated that the two-compartment model did not accurately describe the water equilibration process. Water in the contents of the proximal duodenum and terminal ileum equilibrated with blood in 30 min (range, 10 to 75 rain), fecal water equilibrated in 4.3 h (range, 1.7 to 6.7 h) and water in rumen contents equilibrated in 8.3 h (range, 3.8 to 12.5 h). Diet did not affect (P>.IO) equilibration time or the mean retention time of water in the gastrointestinal tract. Mean retention time was much longer than equilibration time; thus, the equilibration of water in the gastrointestinal tract contents was primarily dependent upon movement of water across the gut mucosa and not upon the flow of water through the gut. One-third of the water in the contents of the gastrointestinal tract was located outside the rumen. Compartmental modeling based only upon D 20 disappearance from blood did not enable either gut water or rumen water to be accurately estimated.
Introduction
Compartmental models based upon the disappearance of deuterium oxide (D 20) blood have been proposed to estimate body water. Loy (1983) proposed a method involving one compartment (1CMR). Byers (1979b) developed a two-compartment model (2CMR) to partition total body water into empty body water and water in gastrointestinal tract contents. Odwongo et al. (1984) reported a method involving three compartments (3CMR) in an attempt to incorporate the observed threecomponent-exponential curve of D20 disappearance from blood into a model for estimating empty body composition. The anatomical identities of water spaces that correspond to the exponential components calculated from curves of D20 disappearance from blood are unknown. To calculate water in tissues and water in gut contents by compartmental modeling, equilibration rates of water in tissues and contents must be different; however, it is not known if equilibration rates between water in tissues and water in contents of all segments of the gastrointestinal tract are different. Information concerning passage of water through all segments of the gastrointestinal tract of cattle is limited. Effects of passage of water through the gastrointestinal tract on equilibration of the contents with water in tissues also are unknown. Three experiments with cattle were conducted to evaluate use of compartmental models to estimate the amount of water in the empty body and gut contents. One objective was to determine if an increase in rumen water caused by feeding different levels of roughage would be detected by use of compartmental models. A second objective was to measure the rates of equilibration between water in contents of portions of the gastrointestinal tract and water in blood. A third objective was to evaluate the appropriateness of the two-compartmental model in describing equilibration of water in the body by calculating volumes of compartments from measurements taken in each compartment. A fourth objective was to provide data, for use in modeling, on flow of water through the gastrointestinal tract.
Materials and Methods
Exp. 1. Four 2-yr-old Holstein steers were individually fed two diets differing in roughage content at ad libitum levels of intake in a cross-over design. The low-roughage diet (10% cob) consisted of 9.6% cob, 80.0% corn grain and 8.9% sugarcane molasses, with the remaining 1.5% composed of urea, macro and trace minerals. The high roughage diet (50% cob) consisted of 49.6% cob, 32.8% corn grain and 15.9% sugarcane molasses, with the remaining 1.7% composed of urea, macro and trace minerals. The steers were prepared with a 2.5-cm rumen cannula in the dorsal sac of the rumen and "T" cannulae in the proximal duodenum and caudal ileum. The steers were adapted to the diets gradually over 6 d and fed another 2 to 3 d before the start of each period. The steers were given feed twice daily.
Deuterium oxide was injected as a pulse dose at a rate of .19 g D20 per kg live weight via a jugular catheter at the start of each period. The catheter was flushed with 10 ml of saline, and the exact dosage of D20 was determined by difference in weight of filled and emptied syringes. A chromium ethylenediamine tetraacetic acid solution (Cr-EDTA) was prepared as described by Binnerts et al. (1968) , except that the solution was approximately twice as concentrated (Cr concentration of .11 M). At the start of each period, a peristaltic pump was used to infuse approximately 300 ml of the Cr-EDTA solution into the rumen over 2 rain through a segment of perforated tubing while the tubing was moved throughout the tureen to distribute the Cr-EDTA more uniformly in rumen contents. The pump tubing was flushed with approximately 200 ml of water. Jugular blood was sampled at 0, 2, 4, 6, 10, 14, 18, 22, 26, 30, 40, 50, 60, 75, 90 and 105 min and at 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 16, 18, 20, 22, 24, 36, 48, 60 and 72 h after D20 injection, and was placed in dry heparinized tubes. Rumen fluid was sampled by use of a strainer (Raun and Burroughs, 1962) attached to a vacuum pump. Samples were taken at 0, 5, 10, 15, 20, 25, 30, 40, 50, 60, 80, 90 and 100 rain and at 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 36, 48, 60 and 72 h. The rumen fluid was centrifuged and filtered through cheesecloth. Samples of digesta from the duodenal and ileal cannulae were taken, if digesta was flowing (87% of the time for duodenal samples and 67% of the time for ileal samples), at 0, 3, 5, 10, 15, 20, 25, 30, 40, 60, 80 and 90 min and at 2, 3, 4, 8, 12, 16, 20, 24, 36, 48, 60 and 72 h. Duodenal samples were centrifuged and filtered through cheesecloth. Fecal samples were taken on d 1 each time voided (average of eight samples per steer), whereas on d 2 and 3, fecal samples were taken sporadically (average of five samples per steer). Blood samples were stored at 5 C, and all other samples were stored at -5 C.
Blood, rumen fluid, duodenal fluid, ileal contents and feces were lyophilized to extract water and analyzed for D20 content as previously described (Arnold et al., 1986) . The concentrations of D20 in samples removed from steers during the second period were corrected for residual D20 from the first period based upon the concentration of D20 at time zero and the rate of water turnover calculated for each steer during the second period. Chromium concentrations of samples were determined by atomic absorption (Williams et al., 1962) . Rumen fluid and duodenal fluid were diluted with water when necessary to achieve the correct concentration for atomic absorption. Ileal contents and fecal samples were dried for 48 h at 60 C for dry-matter determination, ashed in a muffle furnace at 550 C for 3 h, dissolved in acid (Williams et al., 1962) and diluted with water for chromium analysis. The amounts of chromium in ileal contents and feces were expressed as concentration of chromium in the water portion of the sample. Samples of the Cr-EDTA infusate were diluted with water and analyzed for chromium to determine the dose of chromium given to each animal.
Water in gut contents and empty body water were estimated by using the 1CMR (Loy, 1983) , with the exception that a 6% overestimation of total body water was assumed instead of 3.2%. A 6% overestimation was the average amount of overestimation in experiments reported by Pfau and Salem (1972) , Robelin (1982) and Arnold et al. (1985) . A two-compartment model (2CM) and a threecompartment model (3CM), based upon the kinetics of the models (Shipley and Clark, 1972) were solved for compartment volumes. The 2 CMR (Byers, 1979b) , in which regression equations were incorporated in an attempt to adjust compartment volumes to the correct values, was also used to estimate the quantities of water in gut contents and the empty body. The exponential equations used in solving for compartment sizes were obtained by a curvepeeling process in which the regression and subtraction operations were performed on a calculator and microcomputer, respectively, and the selection of the segment of the curve to include in the regression was determined graphically.
The NLIN Procedure of SAS (1982) was also used to fit, for each steer, two-, three-and four-component exponential equations to the data of D20 disappearance from blood and a composite, which included data for blood and feces, rumen fluid, duodenal fluid and ileal contents at times after equilibration with blood. The data were composited in an attempt to provide a better-defined curve to determine the number of exponential components.
Rumen volume, rumen liquid flow rate and mean retention time of chromium in the rumen, omasum-abomasum, small intestine and large intestine were calculated for a single dose of tracer with time-sequence sampling as outlined by Faichney (1975) .
Analysis of variance of a cross-over design with diet, animal and period as class variables was calculated by using the GLM Procedure of SAS (1982) . The data are presented as the mean + SE.
Exp. 2. One Angus steer (404 kg live weight)
and one Charolais steer (405 kg live weight) with 13-cm rumen cannulae were used in a cross-over design to study the effects of dosing site of D20 upon estimates of compartment sizes. The steers were individually fed .8 kg (as-fed basis) of ground alfalfa hay every 2 h by an automated feeder. Water consumption of each steer was measured by using a calibrated 20-liter plastic jug attached to a drinking bowl. At the start of the first period, D 20 (.28 g/kg live weight) was injected as a single dose into the jugular vein of one steer via a catheter and injected as a single dose into the rumen of the other steer. The dose was placed into the rumen through a perforated tube that was moved throughout the rumen while dosing. The contents of the rumen were partly mixed by hand after dosing. In the second period, the dosing was repeated, but the site of injection switched for the two steers. Jugular blood was sampled at 0, 2, 4, 6, 10, 15, 20, 30, 40, 50, 60, 80 and 100 rain and at 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 16, 24, 36, 48, 60 and 72 h after dosing and placed in dry heparinized tubes. Rumen fluid was sampled with a vacuum pump at the same times as for blood, with the exception of the first hour, during which samples were taken at 0, 15, 30, 45 and 60 min. The second period was started immediately after the 72-h samples were collected. Water from blood and rumen fluid was extracted by lyophilization and assayed for D20 by infrared spectrometry (Byers, 1979a ) with modifications of an automated sampling system (Ferrell and Philips, 1980) . Samples collected during the second period were corrected for the D20 remaining in the steers from the first period. The amounts of water in the body and gut contents were estimated by using the 2CM (Shipley and Clark, 1982) and by using the 1CMR (Loy, 1983) , except that no adjustment was made for overestimation of total body water by D20 dilution. No adjustment was made in the total body water estimate from the 1CMR to compare the estimate from the 1CMR with the 2CM. A curve-peeling process as indicated in Exp. 1 was used to calculate the exponential equations.
Exp. 3. Water flow rates and mean retention times in various segments of the gastrointestinal tract of four cattle were determined by using continuous infusion of Cr-EDTA into the rumen and total sampling of the digesta in these segments after slaughter of the animals. Two 18-mo-old crossbred steers, one predominantly Jersey (497 kg live weight, steer A) and one predominantly Simmental (610 kg live weight, steer B), and two 12-mo-old Holstein bulls (397 kg live weight, bull A; and 406 kg live weight, bull B) were prepared with 2.5-cm rumen cannulae in the dorsal sac of the rumen. The diet, which was fed ad libitum, consisted of 25% cob, 68% corn grain and 5% sugarcane molasses, with the remaining 2% composed of urea, macro and trace minerals. Fifteen milliliters of a Cr-EDTA solution (Binnerts et al., 1968) , having a Cr concentration of .053 M, was diluted with water to 1 liter. This diluted solution was continuously infused by a peristaltic pump into the rumen at a rate of approximately 27 ml/min for 6 d in the steers and for 9 d in the bulls. The quantity of water to be infused into the rumen was calculated from data presented by Winchester and Morris (1956) for cattle weighing 500 kg. Rumen fluid was sampled by using a vacuum pump at 0, .5, 1, 1.5, 2, 3, 4, 5, 6, 8, 11, 15 and 23 h and approximately every 8 h thereafter until the infusion was stopped. The two steers were kept in individual stalls, and fecal grab samples were taken at 0 and approximately every 8 h thereafter. The two bulls were placed in metabolism crates, and total collection of urine and feces was made over the 9-d period. Fecal samples were collected, weighed, mixed and subsampled every 4 to 6 h. Urine samples were collected, volume measured and subsampled approximately every 6 h. Approximately 30 min after the infusion of Cr-EDTA was stopped the cattle were slaughtered. Total contents of the rumenreticulum, omasum, abomasum, small intestine, cecum, large intestine and rectum were separately removed, weighed, mixed and subsampled. Chromium concentration of rumen fluid, feces, urine and gastrointestinal tract contents and dry matter of feces and gastrointestinal tract contents were determined as indicated for Exp. 1.
Flow rates and mean retention times of chromium in the various gut segments were calculated for continuous infusion with total sampling (Faichney, 1975) . Flow rates of Cr leaving the rumen and leaving the body in feces were calculated for continuous infusion with time-sequence sampling as presented by Faichney (1975) . Rumen volume was calculated by the formula: V = F x A / [Cr] plateau, where V is volume, F is flow rate of Cr leaving the rumen, A is the area bounded by the plateau concentration of Cr and the appearance curve of Cr as determined from a plot of sampling time versus concentration of Cr in rumen fluid by use of a planimeter and [Cr] plateau is the concentration of Cr in the rumen after a steady state was achieved between inflow of Cr from the pump and outflow of Cr from the rumen. The volume of the water in each gut segment was calculated based upon the weight of the contents that was removed from each gut segment and the measured dry matter percentage of the contents.
Results and Discussion
Exp. 1. The volume of rumen water as determined by Cr-EDTA was 47% larger (P<.01) when the steers consumed the 50% cob diet (47 + 3 kg) rather than the 10% cob diet (32 + 3 kg). The use of Cr-EDTA as a water soluble marker to measure rumen volume has been shown to be an appropriate method (Warner and Stacy, 1968; Kotb and Luckey, 1972; MacRae, 1974) . When calculated by using the 1CMR, the volume of gut water was 3% larger when the 50% cob diet was fed (39 + 1 kg for 50% cob diet and 38 + 1 kg for 10% cob diet). When consuming the 50% cob diet, the steers had greater (P<.01) live weights (543 kg) than when consuming the 10% cob diet (524 kg), which was likely due to a greater gut fill when the steers consumed the 50% cob diet. Total body water, when estimated by using the 1CMR, was greater (P<.01) when the steers consumed to 50% cob diet (326 + 5 kg) than when the steers consumed the 10% cob diet (304 -+ 5 kg). This increase, obviously, was due to the increase of water in the rumen when the steers consumed the 50% cob diet.
No changes in the amount of water in gut contents due to diet were predicted by 2CM or 2CMR (table 1) . A large overestimation of gut water evidently occurred when using the 2CM. The degree of overestimation was somewhat lower when using the 2CMR. When calculated by using either 2CM or 2CMR, the quantity of empty body water was less (P<.01) when the steers consumed the 10% cob diet. The overestimation of the quantity of gut water was reflected in the underestimation of the quantity of water in the empty body by the 2CM or 2CMR. The quantity of empty body water was assumed to be 256 kg, which was the average across diets when calculated by subtracting the amount of water estimated to be in the digestive tract from the quantity of total body water estimated by using the 1CMR. The quantity of water in the digestive tract was (Shipley and Clark, 1972) .
bTwo-compartment method (2CMR) as presented by Byers (1979b) .
CDifference between diets (P <.01).
estimated by multiplying rumen volume as determined with Cr-EDTA by 1.5 (Exp. 3--rumen volume two-thirds of total digestive tract water). Empty body water was underestimated when the steers were consuming the 10% cob diet and overestimated when consuming the 50% cob diet. When compared with 1CMR, the quantity of total body water (315 kg) seemed to be underestimated when calculated with the 2CMR (302 kg) but overestimated when calculated with the 2CM (318 kg). Most of the overestimation of total body water by the 2CM compared with the 1CMR was due to the 6% decrease in total body water that was incorporated into the 1CMR. Compartment volumes estimated by the 3CM did not differ (P>.10) between diets. The average volume of the fastest equilibrating compartment, which was the compartment D20 was injected into, was 144.5 + 11.3 kg when the steers consumed the 50% cob diet and 115.5 + 3.8 kg when the steers consumed the 10% cob diet. The estimated volume of the second compartment was 116.2 + 14.4 kg when the steers consumed the 50% cob diet and 112.8 + 17.0 kg when the steers consumed the 10% cob diet. The estimated volume of the slowest equilibrating compartment (compartment 3) was 92.1 + 11.2 kg when the steers consumed the 50% cob diet and 94.3 -+ 20.5 kg when the steers consumed the 10% cob diet. The volume of compartment three was more than twofold greater than the amount of water measured to be to in the rumen using Cr-EDTA.
When three-component-exponential equations, which were derived from the D20-disappearance curves for blood by using NLIN (SAS, 1982) , were used in solving the 3CM, compartments one, two and three contained 26.4 + 2.6%, 31.9 + 3.5% and 41.7 + 4.2%, respectively, of total body water. When solving the 3CM, a quadratic equation is encountered, which results in two possible solutions for the volumes of compartments two and three. It was assumed that compartment three was the slower-equilibrating compartment. Previously (Arnold et al., 1985) , it had been assumed that compartment three was the smaller of the two. When it was assumed that compartment three was the slower-equilibrating compartment, compartments one, two and three contained 27.1 + 3.2%, 34.4 -+ 3.4% and 38.5 + 5.0%, respectively, of total body water in 20 steers involved in the previous experiment (Arnold et al., 1985) . Although the relative compartment sizes, when averaged across many animals, seemed to be similar for the present experiment and previous experiment (Arnold et at., 1985), large variation was observed for the mean compartment sizes in both the present experiment (coefficient of variation of 30%) and previous experiment (coefficient of variation ranged from 40 to 58%). It was not known if the variability was due to actual differences in compartment volumes between animals or due to a lack of accuracy of the 3CM in predicting compartment volumes.
When NLIN (SAS, 1982) was used to fit multiple-exponential equations to the data, the D20-disappearance curve for blood and the composite data consisted of four exponential components as evaluated from plots of the residuals and from the amount of change in the error mean square between successive additions of exponential components. The results are presented for the composite data. The average normalized four-component-exponential equation, where t is time in minutes, obtained when the steers were consuming the 10% cob diet was: .50e-.34t + .14e-.072t + .086e-.O076t + .27e-.000077t. The average normalized fourcomponent-exponential equation when the steers consumed the 50% cob diet was: .59e-.52t + .16e--070t + .054e-.0053t + .19e ~ The intercept of the third exponential component was 37% lower (P<.10), and the slope of the third component was 30% lower (P<.10) when the steers consumed the 50% cob diet than when fed the 10% cob diet. Although significant changes in the other components did not occur, the percent changes in some of the other components were comparable to the third component. The intercept of an exponential component would relate to the volume of a compartment, while the slope of an exponential component would relate to the rate of equilibration of the compartment with the rest of the system. The length of time that each of the four-exponential components of the overall equation, when averaged across diets, contributed at least 5 ppm to the multi-exponential curve was calculated [ln(5/intercept in ppm)/value of slope] to be 12 min, 54 min, 455 min and 40 d for exponential components one through four, respectively. The time calculated from the fourth component would be expected to relate to loss of D 20 from the body, and the times calculated from the other three exponential components would relate to equilibration rates of three compartments of water. Because the water in the rurnen equilibrated with blood by 496 min (table 2), the increase in tureen water content when the steers consumed the 50% cob diet would have been expected to have the greatest influence upon the third exponential component. The slope of the third component decreased when the steers consumed the 50% cob diet, which would be expected if the volume of the compartment increased. The value of the intercept decreased in the steers when they consumed the 50% cob diet, but should have increased in reflection ef the increase in rumen volume. This implies that compartmental analysis with a four-compartmental model would not have been useful in the present experiment to detect the 47% increase in rumen water volume.
The average times required for equilibration of digesta water with blood water are given in table 2. Water in ileal contents equilibrated within 28 min (range 10 to 46 min), water in duodenal contents equilibrated within 33 min (range 16 to 75 min), fecal water equilibrated within 4.3 h (range 1.7 to 6.7 h) and water in rumen contents equilibrated in 8.3 h (range 3.8 to 12.5 h). The times required for equilibration of D20 between blood water and the water in gut contents were not different (P>.10) due to diet. This was true even for the water in rumen contents in spite of a 47% larger water volume in the steers fed the 50% cob diet. Thus, the large ranges in equilibration times for rumen contents observed in this experiment were not due to differences in water volumes in rumen contents. There were no differences (P>.10) in equilibration time due to either period or animal. This indicates that the large variation in the times for equilibration of the gut contents were evidently due to factors that occurred over a short time independent of the animal. Little and Morris (1972) did not observe any differences in the times required for equilibration of the water in the tureen with blood between fasted and fed steers. Reported times for equilibration of rurnen contents in cattle have been 4 h (Aschbacher et al., 1965) , 6 h (Shumway et al., 1956 ) and 8 to 10 h (Springell, 1968; Little and Morris, 1972; Byers, 1979b) .
When determined by infusion of Cr-EDTA, only the mean retention time of water in the small intestine tended to differ (P<.10), with a greater mean retention time occurring when steers consumed the 10% cob diet (table 3) . aDifferences between diets (P<.10).
Thus, the length of time water remained (mean retention time) in each segment of the gastrointestinal tract would not have affected the equilibration rate of water in the gut due to diet. Even though rumen volume was significantly increased when the steers consumed the 50% cob diet, the rate of flow of water leaving the rumen and the mean retention time was not significantly changed. Goetsch and Galyean (1982) , in an experiment with four steers, showed that increasing the amount of ground hay from 20 to 69% produced a 25% larger (not significant) rumen volume (62.6 to 78.0 liters), a significant increase of 82% in rumen flow rate (45.0 to 81.7 ml/min) and a 31% decrease (not significant) in mean retention time (23.0 to 15.8 h).
Exp. 2. Water intakes were similar between
period and steers and averaged 1.32 -+ .06 liter/h. The same estimates of the quantities of total body water (D 20 space) and water in gut contents were obtained with the 1CMR, regardless of whether the steers were dosed and sampled from blood or rumen (table 4) . When calculated by using the 2CM, the quantity of empty body water averaged 51 kg less, and the quantity of gut water 65 kg more in the two steers when the blood rather than the rumen was dosed and sampled. Total body water (282 kg when dosing site was blood and 268 kg when dosing site was rumen), when calculated by summing empty body water and gut water, was similar to the quantity of total body water estimated by the 1CM. The average time for equilibration of D20 between water in rumen contents and blood was 3.2 h when dosed into blood and 8.6 h when dosed in the rumen. Nyamekye-Boamah (1982) evaluated the 2CM by injecting D20 intravenously and tritium oxide intraruminally in four sheep. The volumes of water in gut contents and body tissues were directly measured after slaughter of the sheep. Empty body water and gut water were both overestimated when the 2CM was solved based aone-compdrtment method (1CMR) as presented by Loy (1983) except D20 space used for total body water estimate. bTwo-compartment model (2CM) solved according to Shipley and Clark (1972) .
upon the blood dosing scheme, but accurately estimated~ when based upon the rumen dosing scheme. Equilibration time was 3 h when tracer yeas injected into the blood and 5.5 h when tracer was injected into the rumen. Till and Downes (1962) observed an equilibration time of 5 h when blood was dosed and 9 h when the rumen was dosed. Smith and Sykes (1974) observed that rumen contents had the same activity of D 20 as blood by 8 h after the sheep were dosed intravenously, but when dosed intraruminally equilibration was not achieved by 8 h. It is clear from the results of Exp. 2 and the experiment by Nyamekye-Boamah (1982) that the 2CM did not accurately describe the equilibration process of water in steers or sheep; solving the 2CM by using either compartment should have produced similar results.
Exp. 3. The water volume and mean retention time of water in segments of the gastrointestinal tract of one steer and two bulls are presented in table 5. The data from steer A were not used because a plateau of Cr concentration in the rumen was not achieved. Both steers went off feed at the start of the experiment and feed intake was reduced throughout the 6-d infusion period, with average daily intake of feed being 3.8 kg for steer A and 4.4 kg for steer B on an as-fed basis. A plateau of Cr concentration was obtained in the rumen of steer B. The average daily feed intake for bull A was 10.0 kg and 8.8 kg for bull B. Recoveries of Cr in feces were 96.8% and 93.7% of the dose, respectively, for bulls A and B, and recovery of Cr in urine was 3.6% for both bulls. The water volumes given in table 5 were the amounts of water measured at slaughter. The volume of rumen water calculated from the continuous infusion of Cr-EDTA with time-sequence sampling was 28.3 kg, 28.7 kg and 14.0 kg, respectively, for bull A, bull B and steer B. The values for the bulls are similar to the volumes measured at slaughter (table 5). The low value for steer B was due to the steer going off feed at the start of the experiment. Of the total amount of water in the gastrointestinal tract of the three animals, approximately one-third was located outside the rumen, of which almost half was in the small intestine.
Mean retention times (table 5) of water in the abomasum and rectum were relatively much shorter than in the other segments of the gastrointestinal tract and relatively much longer in the rumen. Mean retention times of each animal in Exp. 3 were within the ranges of the values observed for the steers in Exp. 1 for comparable segments of the gastrointestinal tract.
Average water flow rates for the three animals, when calculated from the volumes measured at slaughter and mean retention times (table 5) , were greatest in the abomasum (53.2 ---6.3 ml/min) and slowest in the cecum (8.6 + .8 ml/min), large intestine (8.0 -+ 1.5 ml/min) and rectum (7.1 + 1.9 ml/min). Water flow rate was 21.7 -+ 3.8 ml/min for the omasum and 31.2 -+ 2.0 ml/min for the small intestine. The calculated flow rates through the large and small intestine represent the average for the whole segment. The average flow rate of water from the rumen of the three animals was 38.8 + .7 ml/min, whereas it was 38.2 -+ 2.4 ml/min when calculated from the continuous infusion of Cr-EDTA with time-sequence sampling.
Average total water intake for the three animals was 27.4 + 1.1 ml/min. If it is assumed asee text for description of animals.
that both the water volumes of the various segments of the gastrointestinal tract and the rates of water flow through the segments were at a steady state, the net absorption or secretion of water can be calculated. A net influx of water occurred in the rumen (11.4 ml/min) and abomasum (31.5 ml/min). A net outflux occurred in the omasum (17.1 ml/min), small intestine (22.0 ml/min) and cecum (22.6 ml/min), while essentially no net movement of water occurred across the large intestine mucosa. Because of the nature of movement of water through the omasum and cecum, some uncertainty exists as to the accuracy of the values for mean retention time, water flow rate and water absorption in the omasum, abomasum, cecum and upper large intestine. The nature of water and digesta movement through the omasum is unclear, but evidently some of the water passing from the rumen may pass directly through the omasum, while some is retained (Ash, 1962; Bost, 1970) . Contents do not pass directly into the cecum from the ileum, but the cecum is filled by retrograde movement of digesta from the large intestine. The cecum has both peristaltic and antiperistaltic motility as well as contractions that can completely empty the cecum (Church, 1976) .
In the bulls used in the present experiment, the flow rate of water out of the body through feces was 5.9 ml/min as determined by total collection and 6.4 ml/min as determined from Cr-EDTA infusion. The amount of water lost through feces was 21.3% of the total amount of water that was infused into the rumen and ingested in feed. The amount of water lost in urine averaged 48.4% of water intake. The remaining 30.3% of water intake would presumably be lost from the body through the lungs and skin.
The amount of water in the rumen of the three animals in Exp. 3 was 7.0% of live weight, while the water in the remainder of the gastrointestinal tract contents was 3.2% of live weight. Thus, the water in the digestive tract constituted an important proportion of total body water. Use of the 1CMR did not allow accurate estimation (Exp. 1) of the amount of water in gut contents and, thus, would not be suitable for use in experiments in which all of the experimental treatments do not change the quantity of gut water to the same extent. Neither use of the 2CM nor use of the 2CMR allowed an accurate estimation of the amount of water in gut contents, either in absolute terms or in relative terms (Exp. 1). From the results of Exp. 2, it was clear that the 2CM was not a correct model. Deuterium oxide equilibrated more rapidly in the contents of some of the segments of the gastrointestinal tract than in rumen contents (Exp. 1). This would not allow estimation of the amount of water in the contents of these gut segments separate from empty body water. The estimated volumes of the slowest-equilibrating compartment of the 3CM was two times greater than the observed rumen volume and did not reflect the 47% increase in rumen volume. The equilibration time for water in the rumen was not affected by a 47% increase in the volume of water in rumen contents (Exp. 1). Thus, the application of compartmental analysis did not enable estimation of the amount of water in rumen contents separate from the remainder of the water in the body. Therefore, a model would need to incorporate more than just the blood disappearance of D20 to be useful in estimating water spaces in the body. Because the length of time water spends in the gastrointestinal tract (Exp. 3) was much longer than the time required for equilibration of gut contents (Exp. 1), the total movement of water across the mucosa would seemingly be of more importance than movement of water down the tract. Thus, water flow rates through the various segments of the gastrointestinal tract would not need to be incorporated into a model.
